We measured levels of fibrinopeptide A, 0-thromboglobulin, and fibrinogen in the plasma of 27 patients 2 months after their first stroke. Concentrations of fibrinopeptide A, a sensitive index of in vivo hypercoagulability, were significantly higher in the 18 ischemic stroke patients than in 40 age-and sex-matched controls and in the six patients who experienced recurrence within 5 years than in the 12 who remained asymptomatic On the contrary, fibrinopeptide A levels had no prognostic significance among the nine patients with hemorrhagic stroke. Concentrations of /{-thromboglobulin, an index of platelet activation, were higher in the 27 stroke patients than in the 40 controls, but this index was not associated with stroke recurrence. Fibrinogen levels were not significantly higher in stroke patients than in controls. In a multlvariate regression analysis of hemostatic and clinical variables, only flbrinopeptide A levels of >4 ng/ml were significantly related to cerebral infarction. Our results support the role of hypercoagulability in the recurrence of ischemic stroke and may allow identification of subjects at high risk for i t If confirmed in more patients, our results could provide a rationale for clinical trials of anticoagulant therapy in such patients. (Stroke 1990^21:424-427) R ecurrence is common among survivors of cerebral infarction, with rates of >30% . over 5 years.
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2 Correction of risk factors, such as hypertension and cardiac disease, has been advocated to improve prognosis, 3 -4 but the efficacy of this approach has not yet been firmly established. Several trials have assessed the prophylactic role of antiplatelet drugs after ischemic stroke and have reported no apparent benefit. 5 -7 Long-term anticoagulant therapy has also been evaluated, 8 -12 but as computed tomography (CT) was not available at that time, these trials probably also included patients with cerebral hemorrhage. The high rates of major (2-22%) and fatal (2-9%) bleeding complications, mainly cerebral hemorrhages, may account for the overall negative results in these trials. It has been estimated that, with a stroke rate of 8%/yr and a major bleeding rate of <2%/yr, a >50% reduction in the stroke rate is required for anticoagulant treatment to be beneficial. 13 Besides optimal control of anticoagulation, this requirement can be fulfilled only by identifying a subgroup of patients who would gain maximal benefit from the treatment. With this aim, we measured sensitive indexes of platelet activation and coagulation (/3-thromboglobulin [0TG], fibrinopeptide A [FPA], and fibrinogen concentrations) in stroke survivors and assessed the significance of the concentrations with regard to stroke recurrence.
Subjects and Methods
We evaluated 37 consecutive patients 2 months after their first stroke in a hemispheric distribution, as diagnosed by CT. We excluded 10 patients from the study since their neurologic status was too seriously compromised to allow outpatient visits. Eighteen patients suffered ischemic and nine suffered hemorrhagic strokes. We assessed the clinical variables age; sex; and the presence of hypertension (blood pressure of > 160/90 mm Hg or regular use of antihypertensive drugs), cardiac disease (myocardial infarction, atrial fibrillation or other clinically important arrhythmias, or valvular disease), and neurologic impairment. The latter was scored on a 0-23-point scale evaluating motor function of the arm and leg (0, normal; 1, mild weakness; 2, severe weakness; and 3, paralysis), sensation of the arm and leg (0, normal; 1, mild hypesthesia; 2, severe hypesthesia; and 3, anesthesia), visual fields (0, normal; 1, mild hemianopsia; 2, moderate hemianopsia; and 3, severe hemianopsia), speech (0, normal; 1, mild receptive or expressive aphasia; 2, severe receptive or expressive apha- sia; and 3, global aphasia), and functional disability (rated from 0 to 5 according to the Rankin scale 14 ). Informed consent was obtained from all patients included in the study. All 27 were followed for 5 years, and mortality or morbidity due to stroke was noted. Stroke recurrence was documented by CT. Control of risk factors (hypertension, smoking, hyperlipidemia, coronary heart disease, and arrhythmias) was pursued in all patients; 16 patients with ischemic stroke were treated with 500 mg aspirin/day, but none received anticoagulant drugs during follow-up.
The control group consisted of 40 age-and sexmatched neurologic patients affected by nonvascular diseases unrelated to hemostatic abnormalities (amyotrophic lateral sclerosis, lumbar disk disease, Alzheimer's disease, or Parkinson's disease). The controls were also followed for 5 years or until death, and none experienced a stroke.
Two months after the stroke, venous blood was collected from an antecubital vein of the nonparetic arm with minimal stasis by means of clean venipuncture using a 19-gauge butterfly needle. All blood was collected by the same technician who was experienced and fully aware of the importance of accurate blood collection in the measurement of 0TG and FPA concentrations. First, 2.7 ml blood for 0TG measurement was drawn into a syringe kept on crushed ice and containing 0.3 ml of an anticoagulant composed of ethylenediaminetetraacetic acid, theophylline, and prostaglandin E x . For measurement of FPA concentration, a second plastic syringe containing 1 ml of the anticoagulant supplied by the manufacturer of the assay kit was filled with 9 ml blood. Concentrations of /3TG and FPA were then measured by radioimmunoassay using commercial kits (Amersham, Amersham Place, United Kingdom; and Mallinckrodt, St. Louis, Missouri). The concentration of clottable fibrinogen in platelet-poor plasma was determined as the fibrin polymerization time (Boehringer-Biochemia-Robin, Milan, Italy).
The natural logarithms of all hemostatic results were used for statistical analysis to obtain data with a normal distribution. The results are presented as geometric means with their 95% confidence intervals. The significance of the difference between means was tested using two-tailed t tests for unpaired data. Proportions were compared using Fisher's exact probability test. Multivariate regression analysis was performed according to the logistic model 15 to evaluate the discriminant power of clinical and hemostatic variables in the prediction of stroke recurrence. The time to onset of recurrence during follow-up was analyzed using the log-rank test.
Results
The 5-year recurrence rate was the same (33%) for patients with ischemic and hemorrhagic stroke (Table 1) . Only one patient with hemorrhagic stroke suffered a new hemorrhagic stroke, whereas all other recurrent strokes were ischemic. Among the 18 ischemic patients, strokes recurred 9, 17, 22, 35, 42, and 54 months after the first stroke. As shown in Table 1 , prevalence of clinical risk factors did not differ significantly between the ischemic and hemorrhagic subgroups nor between those with and without recurrent stroke.
The geometric mean (and 95% confidence interval) for /3TG concentration in the control group was 26.05 (21.96-30.89) ng/ml; for FPA, 1.97 (1.53-2.54) ng/ml; and for fibrinogen, 337 (312-365) mg/dl. The within-assay coefficient of variation was 8% for /3TG and 10% for FPA, and the between-assay coefficients of variation were 10% and 9%, respectively. Mean (and 95% confidence interval) fibrinogen level in the 27 stroke patients (365 [324-411] mg/dl) was not significantly higher than that in the 40 controls. On the contrary, levels of both FPA and /3TG were significantly (p<0.05 andp<0.001) higher in the 27 stroke patients than in the 40 controls. Compared with the controls, however, only the 18 patients with ischemic strokes had significantly elevated FPA levels (/><0.01, Table 1 ). This was due to significantly higher values in patients with recurrent stroke than in those without (p<0.01). On the contrary, 0TG levels were higher than control in both ischemic and hemorrhagic patients, and the concentrations were not related to stroke recurrence (Table 1) . Although hemorrhagic patients had higher mean /3TG levels than those with ischemic stroke, the difference was not significant.
Among the 18 patients with ischemic stroke, FPA levels of >4 ng/ml were associated with recurrence, with a sensitivity and a positive predictive value of 66.6%, whereas specificity and negative predictive value were 83.3% (Figure 1 ). Multivariate regression analysis including all variables listed in Table 1 demonstrated that only FPA levels of >4 ng/ml were associated with recurrent stroke among our ischemic patients (z=1.99, p<0.05). The cumulative 5-year probability of surviving free of recurrence was significantly reduced in patients with ischemic stroke who had FPA levels of >4 ng/ml (* 2 =3.96,/><0.05). Discussion The role of the hemostatic system in the pathogenesis of cerebral infarction is still debated. In a prospective study of asymptomatic individuals, an increased fibrinogen concentration was associated with later stroke, but other coagulation parameters were not. 16 Several authors have reported abnormalities of different hemostatic variables after acute cerebral ischemia, 17 - 19 but surprisingly few have evaluated the prognostic significance of these variables, with inconclusive findings. 20 -22 Our prospective study provides the first demonstration that among patients surviving 2 months after ischemic stroke, elevated FPA levels (which result from in vivo thrombin activity on fibrinogen and are thus regarded as a reliable index of hypercoagulability 23 ) are significantly related to recurrence of cerebral infarction within 5 years. On the contrary, we found that the concentration of /3TG, a sensitive marker of in vivo platelet activation, is equally elevated in patients with ischemic and hemorrhagic strokes but is not associated with stroke recurrence. Although the number of our patients was relatively small, they represent an unselected population of stroke survivors suitable for inclusion in a therapeutic trial. On the other hand, the methodologic variability of our assay was sufficiently low to indicate that our sample size was adequate.
Our results are consistent with those of a previous study in which /3TG levels did not predict recurrence of cerebral infarction. 21 Stewart et al 22 reported an association between elevated /3TG (but not FPA) levels and subsequent vascular events in a group of patients with transient ischemic attacks (TIAs). However, most of these patients had recurrent TIAs rather than a stroke, and the only subject who suffered a later stroke had a normal &YG concentration, suggesting that platelet hyperactivity is involved in the pathophysiology of TIAs but not permanent vascular occlusions giving rise to cerebral infarction. This hypothesis is further supported by the results of a recent trial showing no benefit from antiplatelet treatment with aspirin on the incidence of recurrent cerebral infarction. 7 In conclusion, hypercoagulability (as manifested by elevated FPA levels) appears to be an independent risk factor for recurrent cerebral infarction in patients with at least partial preservation of neurologic function. The good predictive value of FPA levels of >4 ng/ml allows identification of a subset of high-risk patients for whom long-term anticoagulant therapy would appear rational. However, owing to the few end points in our study, examination of more patients appears appropriate before testing the efficacy of this treatment in a clinical trial.
